Objective: Coronary artery was ligated to study the characteristics of myocardial ischemia in rats. Methods: The left anterior descending artery was ligated to establish the rat model of acute myocardial ischemia. All animals were divided into normal control group, sham operation group and model group. 1, 2 and 4 weeks after modeling, ECG (II lead) was recorded, the weight of whole heart and left ventricle were recorded and organ indexes were calculated; myocardial infarct size was determined by TTC; CK, CK-MB, LDH, AST contents of serum were detected; cardiac function was determined by left ventricular intubation via carotid artery and left ventricular was taken to perform pathological observation. Results: 1 week after modeling, compared with the sham operation group, the ECG and heart function index of rats model had significant change, but the myocardial enzymes did not change significantly; 4 weeks after modeling, the ECG and cardiac function of animal models had a recovery trend, but the myocardial enzymes, including CK, CK-MB, LDH, AST, were significantly increased; 1 week after modeling, the left ventricular indexes of model rats were increased; the infarct size was about 30%, myocardial cell necrosis and granulation tissue hyperplasia could be observed in infarction area; with the modeling time extended, from 2 to 4 weeks, the left ventricular and heart indexes of model group were significantly increased; the infarct size was relatively constant, left ventricular became thickly, and fibrous or granulation tissue was significantly proliferated in infarction area under microscope. Conclusion: The indexes of myocardial ischemia induced by coronary artery ligation in rats are different at different time points. The results suggest that the time point should be selected to observe the anti-myocardial ischemia effect of the subjects from different aspects.
Introduction
Acute myocardial infarction (AMI) is a common acute and severe disease in clinic. The incidence of AMI is increasing year by year due to the aging of society, the acceleration of the rhythm of modern life, the change of eating habits and the influence of social and psychological factors. With the change of living habits and the increase of the amount of cholesterol intake, the incidence of AMI is increasing, reaching 45/100,000 to 55/100,000, and it has become one of the major diseases that threaten human health [1] .
Left anterior descending artery is the main blood-supply vessels for the left ventricle anterior wall, interventricular septum and left ventricular anterior lateral wall, coronary artery ligation of the left anterior descending coronary artery is the most commonly used method in the study of myocardial infarction. Because of the low cardiac collateral circulation, the high success rate and good reproducibility of model, acute myocardial ischemia induced by ligation of coronary artery in rat has been recognized as a classic model of ischemic cardiomyopathy, which is consistent with the actual onset of myocardial infarction, and is also commonly used in the study of myocardial ischemia pharmacodynamics [2] - [4] .
In order to evaluate the effect of drug treatment, it is necessary to observe many aspects, including the changes of electrocardiogram (ECG), myocardial infarct size, cardiac function index, myocardial enzyme spectrum, myocardial pathological changes and so on. However, there are not many related literatures about the change law of the above parameters at different modeling time [5] [6] . If administration time is too short, duo to the effects of some medicine is long-term and slow, such as herbal medicine, it is too short to show the corresponding effect; if the time is too long, because of the strong self-recovery of animals, some of the indicators may show a trend of restoration, it may lead to an incorrect assessment of the efficacy of the drug. For better control of treatment course and more accurate evaluation of the efficacy of drugs, it is important to understand which indicators are more sensitive at different modeling time.
Materials and Methods

Drugs and Reagents
Creatine Kinase (CK) kit, Creatine Kinase isoenzyme (CK-MB) kit, Lactate Dehydrogenase (LDH) kit and Aspartate Transferase (AST) kit were all purchased from Beijing Wantaiderui Diagnostic Technology Co. Ltd. 2,3,5-triphenyltetrazolium Chloride (TTC) was imported and packed by MYM Biotechnology Company, purity > 98%.
Aminals
Male Sprague-Dawley rats (SPF, 230 -250 g) were purchased from Beijing Weitonglihua Experimental Animal Technique Co. Ltd [Licence number: SCXK (Jing) 2012-0001]. The animals were kept in a room maintained at a temperature 23˚C ± 3˚C and a relative humidity of 40% -70% with 12 hours light and 12 hours dark cycle and with approximately 15 times air change per hour. Animals were bred in bottom-meshed stainless steel cages, with filtrated tap water and the fixed-formula rat granula feed. The number of application for welfare and ethic of animal use was 20142005.
Instruments
DH-140B animal respirator was purchased from Zhejiang Medical University medical instruments factory (CHN). Sartorius BSA 8201-CW balance and Sartorius BSA 223S-CW balance were purchased from Sartorius AG (GER). Mp-150 multi-channel physiological recorder was provided by the United States Biopac Company (U.S.A.). Shandon Excelsior ES automatic dehydration machine, Shandon Histocentre 3 paraffin embedded machine, Shandon Finesse 325 slicing machine and Shandon Varistain Gemini full automatic staining machine were all purchased from Thermo Shandon Co. Ltd. (UK). Olympus BX51 microscope and image analysis system were purchased from Olympus Company (JPN).
Methods
Animal Modeling [7]-[9]
Healthy male SD rats (230 -250 g) were fixed on board under ether inhalation anesthesia. Pin electrodes were inserted into the skin of the extremities, and the II-lead ECG was recorded as normal ECG. After noninvasive endotracheal intubation by oral, we disinfected the chest of rats, longitudinally cut open a 2 cm skin incision at the left midclavicular line, bluntly separated the musle layer between the 4th and 5th rib. After opening the chest, we connected animal respirator (37 times/minute, respiratory ratio: 1.25:1, tidal volume: 20 ml), lightly pressed on the right side of thorax, extruded the heart. Taking the left coronary artery which is between the pulmonary conus and left atrial appendage as a sign, we inserted the needle 2 mm below the root of the left atrial appendage with 0.5 mm depth of needle. Then we threaded the surface of myocardium and out near the pulmonary arterial cone by 5/0 suture, rapidly ligated left anterior descending artery, closed the thorax, gently massaged heart to recover the spontaneous breathing of animals, finally sutured the incisions layer by layer. After the operation, each rat was administrated 100,000 U penicillin by intramuscular injection to prevent infection.
Grouping
Before operation, animals were randomly divided into three parts according to their weight: normal control part, sham operation part and operation part. The normal control part and the sham operation part were divided into three groups (1, 2 and 4 weeks) respectively, 10 animals in each group.
The left anterior descending artery of the operation part animals were ligated according to the above method. After the operation, that is when the animals recovered spontaneous breathing, the II-lead ECG was immediately recorded as above. Comparison with the preoperative ECG of animals, if the ECG showed significantly raised J points and/or tall and biphasic or inverted T wave and/or Q wave, these were considered as markers of myocardial ischemia, if the above abnormal ECG was not present, it was considered as the ligation position was shifting, the animal modeling was failure and the animal should be abandon. The animals which met the above ECG requirements were randomly divided into three modeling groups (1, 2 and 4 weeks), 11 animals in each group.
The ECG of normal control group without any surgery was recorded under ether anesthesia. In sham operation group, the coronary artery was only threaded by the suture but was not ligated.
At 1, 2 and 4 weeks of modeling, animals in three groups (normal, sham operation and model group) were fasted for 16 hours and intraperitoneally injected 10% chloral hydrate (3.0 ml•kg −1 ) to detect the following indicators.
Detection Index
1) Detection of the change values of ST segment in ECG [10] Pin electrodes were inserted into the skin of the extremities, the II-lead ECG were recorded, and the values of ST segment and T wave in ECG were considered as indexes to evaluate the degree of myocardial ischemia.
2) Cardiac function measuring [11] Left ventricular was intubated. One end of the catheter was connected to pressure transducer which connected to multichannel physiologic recorder. Left ventricular systolic pressure (LVSP), left ventricular end diastolic pressure (LVEDP), the maximum rise rate of left ventricular pressure during isovolumic contraction (+dp/ dtmax), the maximum decline rate of left ventricular pressure during isovolumic diastole (−dp/dtmin) and heart rate (HR) were recorded.
3) Detection of serum enzyme The blood of rat was collected and centrifuged at 4˚C 3000 rpm for 15 min. The serum was separated, and the content of CK, LDH, CK-MB and AST were detected by automatic biochemistry analyzer.
4) Organ index
Took the hearts, rinsed with physiological saline, eliminated fat, vessels and other noncardiac tissue, absorbed moisture, weighed the wet weight of hearts, then resected the atrium along coronary sulcus, left the left ventricle, weighed the wet weight of left ventricle, finally according to the body weight of each animal, calculated the whole heart index and left ventricular index (organ index)
Organ index % organ weight g body weight g 100
5) Determination of myocardial infarction size
The left ventricle was taken and weighed. Across sectioned the left ventricular tissue into 1 -2 mm from the apex to the base of the heart, rinsed with saline and placed into 1% TTC solution, incubated for 15 min at 37˚C, rinsed off the excess dye. The infarction area was not stained, the non-infarcted area was stained red. Carefully cutted uncolored infarction area and weighed its wet weight, calculated the percentage of the weight of ischemic myocardium to left ventricle:
The range of myocardial infarction the wet weight of the ischemic area the wet weight of the left ventricle 100% = ×
6) Histopathological examination
The left ventricle was fixed in 10% formaldehyde. After alcohol dehydration with, paraffin embedding, slicing and HE staining, the tissue slices were made. Then, they were observed by light microscope. The pathological grading was performed according to the standard in Table 1 .
Statistical Analysis
Pathological grading score was analysed with non-parametric analysis, comparison among groups was analysed with Kruskal-Wallis test. The rest data, such as organ indexes, biochemical parameters, myocardial infarction size, the values of ST segment and T wave in ECG and other indicators were represented with x ± sd (standard deviation), comparisons among groups were analyzed with one-way analysis of variance (ANOVA); if there was significant difference among groups, the comparison between sham operation group and the normal control group, model group and sham operation group, were analysed with LSD test. Probability values of P < 0.05 were considered significant.
Results
Electrocardiogram
One week after coronary artery ligation, the ST segment in ECG of model group rat was significantly higher than that in sham operation group (P < 0.01), indicating the ligation leaded to myocardial ischemia; at 2 weeks after modeling, the ST segment in ECG of model group rat was still significantly higher than that in sham operation group (P < 0.05), but the value of ST segment elevation was lower than that in rats 1 week after modeling; 4 weeks after modeling, the ST segment in ECG of model group rats was still higher than that in sham operation group, but no significant difference was found (P > 0.05). Compared with the sham operation group, the elevated value of ST segment in rats after modeling 1, 2 and 4 weeks were increased 0.088, 0.062 and 0.067 mv respectively. There Table 1 . The standard of pathological grading.
Pathological score
Pathological grading Left ventricular lesions 0 − The structure of the heart was normal and no obvious pathological changes were found.
+
Epicardium was thickened, focal myocardial cells under epicardium were swelling, degenerative and necrotic, accompanied by granulation tissue or fibrous tissue hyperplasia and the infiltration of a small amout inflammatory cells.
++
Epicardium was thickened, small patchy myocardial cells under epicardium were necrotic, granulation tissue or fibrous tissue was mildly hyperplastic, and a small amount of inflammatory cells were infiltrated.
+++
Epicardium was thickened, patchy myocardial cells under epicardium were necrotic, accompanied by the hyperplasia of granulation tissue or fibrous tissue and the infilatration of a small amount inflammatory cell.
4 ++++ Large area myocardium was infarcted (transmural infarct), granulation tissue or fibrous scar tissue was significantly increased, the ventricular wall was significantly thin.
was no obvious difference in the value of T wave between the model group and the sham operation group at any modeling time. There were no significant differences in the value of T wave and ST segment between normal control group and sham operation group after modeling 1, 2, 4 weeks. The results are shown in Figure 1 and Table 2 . 
Cardiac Function
At 1 and 2 weeks after coronary artery ligation, the cardiac function of rats in model group was significantly changed compared with that of sham operation group, including the reduction of +dp/dtmax, −dp/dtmin, LVSP (P < 0.01, P < 0.05) and the elevation of LVEDP (P < 0.001, P < 0.01). 4 weeks after coronary artery ligation, the cardiac function of rats in model group was significantly changed compared with that of sham operation group, including the reduction of LVSP (P < 0.05) and the elevation of LVEDP (P < 0.001), the values of −dp/ dtmin and +dp/dtmin were also decreased, but no significant difference was found. The results are shown in Table 3 .
Myocardial Enzyme Spectrum
Compared with sham operation group, the myocardial enzyme spectrum in the model group was not significantly different 1 and 2 weeks afer modeling. 4 weeks after coronary ligation, the serum contents of CK-MB, CK, AST and LDH in the model group were significantly higher than those in sham operation group (P < 0.01, P < 0.05). The results are shown in Table 4 .
Organ Index and Myocardial Infarct Size
Compared with sham operation group, the cardiac and left ventricular indexes of model group were significantly increased at 1 week after modeling (P < 0.001), and this increase was lasted until 4 weeks after modeling (P < 0.001). The myocardial infarct size of model group was 30.8% at 1 week after modeling, and 2 weeks after modeling the myocardial infarct size was about 36%. The results are shown in Table 5 .
Pathological Examination
Normal control group: 1, 2 and 4 weeks after modeling, the epicardium and endocardium of left ventricular were intact, and no thickening, adhesion and inflammatory cell infiltration were found; the arrangement myocardial cells was neat, and no degeneration, necrosis and inflammatory cell infiltration were found, the structure of left ventricular was clear. Sham operation group: 1, 2 and 4 weeks after modeling, although subepicardial myocardium of individual animal showed focal necrosis and degeneration, there was no significant histopathological difference in sham operation group compared with normal control group. degenerative, necrotic and a small amount of inflammatory cells were infiltrated; in partial animals (3/5), patchy myocardial cells were infracted, accompanied by hyperplasia of fibrous tissue and a small amount of inflammatory cell infiltration. The results are shown in Figure 2 and Table 6 .
Discussion
Myocardial ischemia induced by ligation of rat coronary artery is the most widely used method, but its use is limited by the high mortality of this method. It has been reported that the survival rate of animals can be improved by controlling the anesthesia and using the non-invasive mouth intubation [12] . Because of the characteristics and merits of ECG in the diagnosis of acute myocardial ischemia and myocardial infarction, ECG is an important method for monitoring myocardial ischemia and myocardial infarction [13] [14] . In a short period after myocardial ischemia induced by left coronary artery ligation, the ST segment of I, II, a VL leads in ECG is significantly higher, and the amplitude of T wave is also increased. Our results showed that there were significant differences in the value of ST segment elevation after 1 and 2 weeks of modeling, but the increase of ST segment was not significantly different from the sham operation group 4 weeks after modeling. Some researchers reported ST-T value in ECG 5, 10, 15 and 20 days after ligation was approximately same, including the value of ST-T was recovered to preoperative level, or ST segment shifted down, and the amplitude of T wave was decreased or inverted [6] . In our experiment, the ECG of myocardial infarction rats was also slowly recovered.
1 week after ligation of left coronary artery, compared with sham operation group, the indicators of the model group were significantly changed, including the decrease of +dp/dtmax, −dp/dtmin, LVSP and the increase of LVEDP, suggesting that myocardial systolic function and diastolic function were decreased 1 week after modeling, return blood volume was increased, left ventricular blood outflow tract was blocked, and heart preload and afterload were increased [15] . Two weeks after modeling, due to the self-compensation of rats, the cardiac function showed self-recovery trend, but the indexes of heart function still showed significant difference. Four weeks after modeling, the self-recovery was further increased, compared with sham operation group, in addition to LVSP and LVEDP, the rest indexes had no statistically significant difference.
The CK, AST, CK-MB and LDH are biological enzymes in cells. CK-MB whose distribution has a certain tissue specificity is mainly distributed in myocardium. Myocardial ischemia and hypoxia induced by coronary artery occlusion lead to myocardial cell injury and cell membrane integrity destruction, so the enzymes are released into the blood. The activity of the enzyme in serum is significantly increased, and the degree of elevation is proportional to the degree of myocardial damage [16] . Our results showed that compared with sham operation group, 1 -2 weeks after modeling, there was no significant difference in CK, CK-MB, LDH, AST levels in the Table 6 . The degree of myocardial lesion of myocardial ischemia rats induced by coronary artery ligation at different modeling time point. model group; 4 weeks after modeling, CK-MB, CK, AST, LDH was significantly increased. From 1 to 4 weeks, the myocardial enzyme spectrum showed an increasing trend. It maybe myocardial enzymes, including CK, AST, LDH, CK-MB, can show statistically significant differences until the model group animals form a relatively constant myocardial infarction. Heart index, left ventricular index, myocardial infarction area and pathological results suggest that after 1 week of modeling, the left ventricular index of model group was increased, the infarct size was around 30%, there were a lot of myocardium cells necrosis and granulation tissue hyperplasia in infarct area; with the modeling time extended, 2 to 4 weeks after modeling, the left ventricular and heart indexes of model group were significantly increased, forming a constant infarct size, the left ventricular wall was significantly thin, and fibrous tissue in the infarct area was obvious under the light microscope.
The results of this experiment showed that the changes of ECG, cardiac function and myocardial pathological changes were the most obvious 1 week after modeling, at the 4th week, the ECG and heart function of the model animals had been recovered, but the range of myocardial infarction was relatively constant, and the organ index and myocardial enzyme spectrum were changed obviously. The results of this study suggest that in the evaluation of drug efficacy, we can choose different time points to observe anti-myocardial ischemia effect of the subjects from different aspects, so as to better evaluate the therapeutic effect of drugs. 
Conclusion
In summary, we conclude the indexes of myocardial ischemia induced by coronary artery ligation in rats. They are different at different time points. The ECG and heart function indexes of rats model have significant change after 1 week, while the myocardial enzymes are significantly increased after 4 weeks, the infarct size, the pathological findings, the left ventricular and heart indexes are significantly changed from 1 to 4 weeks.
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